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We obtain the energy and momentum distributions of the universe in the Bianchi type V10
spacetime in Mollers tetrad theory of gravity. The energy-momentum (due to matter and fields
including gravity) are found to be zero. The results are exactly the same as obtained by Radinschi
for a model of the universe based on the Bianchi type V10 metric using the energy and/or momentum
prescriptions of Tolman, Bergmann-Thomson, Mller, Einstein, Landau-Lifshitz in general relativity.
The result that the total energy and momentum components of the universe are zero supports the
viewpoints of Albrow and Tryon. It is also independent of the teleparallel dimensionless coupling
constant, which means that it is valid in any teleparallel model. The results we obtained support the
viewpoint of Lessner that the Moller energy-momentum formulation is powerful concept to calculate
energy and momentum distributions associated with the universe, and sustains the importance of
the energy-momentum definitions in the evaluation of the energy-momentum distribution of a given
space-time. Also the results obtained here are also agree with ones calculated in literature by
Cooperstock-Israelit, Rosen, Johri et al., Banerjee-Sen, Vargas and Salt et al..
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I. INTRODUCTION
In the context of teleparallel gravity, curvature and torsion are able to provide each one equivalent descriptions of
the gravitational interactions. According to general relativity, curvature is used to geometrize space-time, and in this
way successfully describe the gravitational interaction. Teleparallelism, on the other hand, attributes gravitation to
torsion, but in this case torsion accounts to gravitation not by geometrizing the interaction, but by acting as a force.
This means that, in the teleparallel equivalent of general relativity, there are no geodesics, but force equations quite
analogous to the Lorentz force equation of the electrodynamics [1]. Thus we can say that the gravitational interaction
can be described alternatively in terms of curvature, as is usually done in general relativity, or in terms of torsion, in
which case we have the so called teleparallel gravity. Whether gravitation requires a curved or a torsioned space-time,
therefore, turns out to be a matter of convention.
Teleparallel theories of gravity, whose basic entities are tetrad fields haµ (a and are SO(3,1) and space-time indices,
respectively) have been considered long time ago by Moller [2] in connection with attempts to define the energy of
the gravitational field. Teleparallel theories of gravity are defined on Weitzenbock space-time [3], which is endowed
with the affine connection
Γλµν = hiα∂µhaν (1)
and where the curvature tensor, constructed out of this connection, vanishes identically. This connection defines
a space-time with an absolute parallelism or teleparallelism of vector fields [4]. In this geometrical framework the
gravitational effects are due to the space-time torsion corresponding to the above mentioned connection.
As remarked by Hehl [5], by considering Einsteins general relativity as the best available alternative theory of
gravity, its teleparallel equivalent is the next best one. Therefore it is interesting to perform studies of the space-time
structure as described by the teleparallel gravity. In the paper we focus on energy-momentum distribution of the
universe in teleparallel gravity.
The problem of energy-momentum localization has been one of the most interesting and thorny problems which
remains unsolved since the advent of Einsteins theory of general relativity and tetrads theory of gravity. Misner,
Thorne and Wheeler [6] argued that the energy is localizable only for spherical systems. Cooperstock and Sarracino
[7] contradicted their viewpoint and argued that if the energy is localizable in spherical systems then it is also
localizable for all systems. Bondi [8] expressed that a non-localizable form of energy is inadmissible in relativity and
its location can in principle be found. Cooperstock [9] hypothesized that in a curved space-time energy-momentum
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2is/are confined to the region of non-vanishing energy-momentum tensor Tµν and consequently the gravitational waves
are not carriers of energy and/or momentum in vacuum space-times. This hypothesis has neither been proved nor
disproved. There are many results that provide support this hypothesis [10]. It would be interesting to investigate
the cylindrical gravitational waves in vacuum spacetimes.
The problem of calculating energy-momentum distribution of the universe has been considered both in Einsteins
theory of general relativity and teleparallel theory gravity. From the advents of these different gravitation theories
various methods have been proposed to deduce the conservation laws that characterize the gravitational systems. The
first of such attempts was made by Einstein who proposed an expression for the energy-momentum distribution of
the gravitational field. There have many attempts to resolve the energy-momentum problem [11, 12, 13, 14, 15, 16,
17, 18, 19]. There exists an opinion that the energy-momentum definitions are not useful to get finite and meaningful
results in a given geometry. Virbhadra and his collaborators re-opened the problem of the energy and momentum
by using the energy-momentum complexes. The Einstein energy-momentum complex, used for calculating the energy
in general relativistic systems, was followed by many complexes: e.g. Tolman, Papapetrou, Bergmann-Thomson,
Moller, Landau-Liftshitz, Weinberg, Qadir-Sharif and the teleparallel gravity analogs of the Einstein, Landau-Lifshitz,
Bergmann-Thomson and Moller prescriptions. The energy-momentum complexes give meaningful results when we
transform the line element in quasi-Cartesian coordinates. The energy and momentum complex of Moller gives the
possibility to perform the calculations in any coordinate system [20]. To this end Virbhadra and his collaborators
have considered many space-time models and have shown that several energy-momentum complexes give the same
and acceptable results for a given spacetime [21, 22, 23]. Virbhadra [24], using the energy and momentum complexes
of Einstein, Landau-Lifshitz, Papapetrou and Weinberg for a general non-static spherically symmetric metric of the
Kerr-Schild class, showed that all of these energy-momentum formulations give the same energy distribution as in
the Penrose energy-momentum formulation. Vargas [19] using the definitions of Einstein and Landau-Lifshitz in
teleparallel gravity, found that the total energy is zero in Friedmann-Robertson-Walker space-times.
The scope of this paper is to evaluate the energy and momentum of the universe in Bianchi type V10 model using
Mollers formulation in the theory of teleparallel gravity. Section II gives us, the energy, momentum and angular
momentum distributions associated with a given metric in teleparallel gravity. Finally, section III is devoted to
discussions. Through this paper, Latin indices (i, j, k, ...) represent the vector number, and Greek indices (, ., ., ...)
represent the vector components. All indices run from 0 to 3. We use convention that G = 1, c = 1 units.
II. ENERGY OF THE BIANCHI TYPE V10 UNIVERSE IN TELEPARALLEL GRAVITY
The line element that describes a model of the universe in Bianchi V10 type [25] is given by the definition which is
given below.
ds2 = −dt2 +A2(t)dx2 +B2(t)e2xdy2 + C2(t)e2xdz2 (2)
It is well known that for the homogeneous models there is the Bianchi space-times classification. A class of perfect
fluid space-times of Bianchi V10 type was found by Dunn and Tupper [26], which includes the dust solution found
by Ellis and MacCallum [27]. Another case of a Bianchi V10 type solution corresponding to the Einstein-Maxwell
hyper-surface homogeneous solution, was give by Tariq and Tupper [28]. The vacuum solution given by Ellis and
MacCallum can be used to generated another Bianchi V10 type perfect fluid solution given by Wainwright et al.
[29]. In the case of the line-element given above, for the class of perfect fluid space-times Bianchi V10 type given by
Dunn and Tupper and for Einstein-Maxwell hyper-surface homogeneous solution given by Tariq and Tupper, we have
B(t) = C(t).
For the line element (2), gµν and g
































The non-trivial tetrad field induces a teleparallel structure on space-time which is directly related to the presence of
the gravitational field, and the Riemannian metric arises as given by


















3and its inverse is



















gαβ (∂µgβν + ∂νgβµ − ∂βgµν) . (8)
we get the following non-vanishing components:
{0
11
} = AA˙, {0
22
} = BB˙e2x, {0
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Moller modified general relativity by constructing a new field theory in teleparallel space. The aim of this theory
was to overcome the problem of the energy-momentum complex that appears in Riemannian Space [30]. The field
equations in this new theory were derived from a Lagrangian which is not invariant under local tetrad rotation. Saez
[31] generalized Moller theory into a scalar tetrad theory of gravitation. Meyer [32] showed that Moller theory is a
special case of Poincare gauge theory [5, 33].






χρσ − (1− 2λ)gτµξ
σρχ] (10)
where P τνβχρσ is








































Ξ 0i dxdydz (15)











where i, j and k take cyclic values 1, 2 and 3. We are interested in determining the total energy and momentum
components.










, Φ1 = −2 (17)
4With these results we find that the required components of super-potential of Mollers are vanishing. Then we find
the energy for a given line-element is
E(t, x, y, z) = 0, (18)
the momentum components are
Pi(t, x, y, z) = 0, (19)
and finally, one can obtain that the angular momentum distribution of the universe in the Bianchi type V10 spacetime
a
J1(t, x, y, z) = J2(t, x, y, z) = J3(t, x, y, z) = 0. (20)
These results show that teleparallel gravitational energy, momentum and angular momentum distributions are inde-
pendent of teleparallel dimensionless coupling parameter λ. Hence, we can say that these results are valid not only
in teleparallel equivalent of general relativity but also in any teleparallel model.
III. SUMMARY AND DISCUSSIONS
The Friedmann-Robertson-Walker cosmological model has attracted considerable attention in the relativistic cos-
mology literature. Maybe one of the most considerable property of this model is, as predicted by inflation [37, 38, 39,
40], the flatness, which agrees with the observed cosmic microwave background radiation.
In the early universe the sorts of the matter fields are uncertain. The existence of anisotropy at early times is a
very naturel opinion to investigate, as an attempt to clarify among other things, the local anisotropies that we observe
today in galaxies, clusters and super-clusters. So, at the early time, it appears appropriate to suppose a geometry that
is more general than just the isotropic and homogenous Friedmann-Robertson-Walker geometry. Event though the
universe, on a large scale, appears homogenous and isotropic at the present time, there are no observational data that
guarantee in an epoch prior to the recombination. The anisotropies defined above have many possible source; they
could be associated with cosmological magnetic or electric fields, long-wave length gravitational waves, Yang-Mills
fields [41].
Albrow [42] and Tryon [43] suggested that in our universe, all conserved quantities have to vanish. Tryons big bang
model predicted a homogenous, isotropic and closed universe including of matter and anti-matter equally. They argue
that any closed universe has zero energy. The subject of the energy-momentum distributions of the closed universes
was opened by an interesting work of Cooperstock and Israelit [44]. They found the zero value energy for a closed
homogenous isotropic universe described by a Friedmann-Robertson-Walker metric in the context of general relativity.
After this interesting result some general relativists studied the same problem, for instance: Rosen [45], Johri et al.
[46], Banerjee-Sen [47], Vargas [19] and Salt et al. [48]. Johri et al., using the Landau-Liftshitzs energy-momentum
complex, found that the total energy of a Friedmann-Robertson-Walker spatially closed universe is zero at all times.
Banerjee and Sen who investigated the problem of total energy of the Bianchi-I type space-times using the Einstein
complex, obtained that the total energy is zero. This result agrees with the studies of Johri et al.. Because, the line
element of the Bianchi-I type space-time reduces to the spatially flat Friedmann-Robertson-Walker line element in
a special case. Next, Vargas using the definitions of Einstein and Landau-Lifshitz in teleparallel gravity, found that
the total energy associated with the Friedmann-Robertson-Walker space-time is zero. These results extend the works
by Rosen and Johri et al.. After Vargass work, Salt et al. considered various complexes both in general relativity
and teleparallel gravity for the viscous Kasner-type metric and found that the total energy and momentum are zero
everywhere. This results agree with the works of Rosen and Johri. Recently, Radinshi [25] using the energymomentum
complexes of Tolman, Bergmann-Thomson, Mller, Einstein, Landau-Lifshitz in general relativity, showed that total
energy in a model of the universe based on Bianchi type V10 universe is zero everywhere at all times.
In the presented paper, to compute the total energy and momentum (due to matter and fields including gravity) of
the universe based on the Bianchi V10 type spacetime, we have considered the energy-momentum definition of Moller
in tetrad theory of gravitation. We found that the total energy and momentum in this different gravitation theory are
zero, which are the same as obtained in general relativity by Radinschi. The total energy and momentum distribution
vanish everywhere because the energy-momentum contributions from the matter and gravitational field inside an
arbitrary two-surface in the case of the anisotropic model of universe based on the Bianchi V10 type space-time,
cancel each other.
Moreover; the result that the total energy and momentum of the universe in the Bianchi V10 type spacetime are
zero supports the viewpoints of Albrow and Tyron. It is also independent of the teleparallel dimensionless coupling
5constant, which means that it is valid in any teleparallel model. Next, our results support the viewpoint of Lessner
that the Mller energy-momentum formulation is powerful concept to calculate energry and momentum distributions
associated with the universe, and sustains the importance of the energy-momentum definitions in the evaluation of
the energy-momentum distribution of a given space-time. Also the results obtained here are also agree with ones
calculated in literature by Cooperstock-Israelit, Rosen, Johri et al., Banerjee-Sen, Vargas and Salti et al..
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